Background In dialysis patients, mortality risk due to cardiovascular diseases is remarkably high and prognosis is poor; coronary artery calcification is considered one of the major contributing factors. It is known that hyperphosphatemia is associated with coronary artery calcification. Therefore, controlling serum phosphate level and thereby mitigating vascular calcification could improve the poor prognosis of dialysis patients. However, the optimal phosphate level in dialysis patients remains unknown; hence, this study was planned to compare the effects of two types of non-calcium-based phosphate binders, and examine the effect of strict control of phosphate on coronary artery calcification. Methods EPISODE is a randomized, open-label, multi-center, interventional trial with a two-by-two factorial design (UMIN ID: UMIN000023648). This trial will enroll hemodialysis patients who have been on dialysis for at least 3 months with a pre-dialysis serum phosphate level of at least 5.0 mg/dL or at least 6.1 mg/dL, respectively, in those taking or not taking a phosphate binder, as measured during the observation period. Registered patients will be randomized to the sucroferric oxyhydroxide or lanthanum carbonate arm and will receive the assigned drug to reduce serum phosphate to two target levels (3.5-4.5 mg/dL in strict arm and 5.0-6.0 mg/dL in standard arm) for 12 months. The primary endpoint will be percent change in coronary artery calcification score, and the secondary endpoints will include change from baseline serum phosphate and calcium levels, change in renal anemia-related factors, etc. The desired sample size has been calculated to be 200 patients.
Introduction and rationale
Dialysis patients have poor prognosis and very high mortality risk due to cardiovascular diseases (CVD) such as ischemic heart disease, cerebrovascular disorder, and heart failure. Coronary artery calcification is considered a major contributor to CVD, and the involvement of hyperphosphatemia in coronary artery calcification is widely known. Studies in stable dialysis patients showed that the addition of one calcified area in the vessel will increase the risk of all-cause mortality 1.9-fold and the risk of cardiovascular mortality 2.6-fold [1] . Furthermore, it was reported that the relative risk of mortality in dialysis patients increased when serum phosphate level was over 5.0 mg/dL; likewise, higher serum calcium level was associated with higher relative risk of mortality in hemodialysis patients [2] . Treatment with phosphorus binders was associated with decreased mortality compared with no treatment in the intention-to-treat, as-treated, and matched analyses [3] . Non-calcium-based phosphate binders, including lanthanum carbonate, were found to be more effective in attenuating coronary artery calcification than calcium-based phosphate binders [4] [5] [6] . Therefore, non-calcium-based phosphate binders could improve the prognosis of dialysis patients by attenuating vascular calcification. Sucroferric oxyhydroxide, a novel noncalcium-based phosphate binder, also has a potent serum phosphate-lowering effect; thus, the treatment with this drug is expected to improve the prognosis of dialysis patients [7, 8] . However, no reports have compared the effect of lanthanum carbonate with that of sucroferric oxyhydroxide on coronary artery calcification in chronic dialysis patients, 1 3 who are at high risk of coronary artery calcification. Therefore, we planned a study to compare the effects of these two types of non-calcium-based phosphate binders on coronary artery calcification. Furthermore, it is also very important to determine whether strictly controlling serum phosphate level will lead to further decrease in the risk of coronary artery calcification in dialysis patients, although lowering serum phosphate level is closely associated with coronary artery calcification. In support of these goals, we will conduct a randomized trial using a two-by-two factorial design which allows comprehensive investigation of the effects of both factors-type of drug (lanthanum carbonate versus sucroferric oxyhydroxide) and different phosphate target level (standard treatment versus strict treatment for serum phosphate level control)-on coronary artery calcification risk.
Study sample and procedures
Chronic maintenance hemodialysis patients with hyperphosphatemia who meet the inclusion criteria, but not the exclusion criteria in Table 1 will be enrolled in this trial. Registration will be conducted via a central registration method. The Electronic Data Capture (EDC) system (Forum PLUS ® ) will be used to register subjects and collect data via the internet. The investigators will obtain written consent from patients who meet the eligibility criteria during the observation period and enter the necessary information into the EDC system. Subjects will undergo multi-detector computed tomography (MDCT) scan at a designated medical institution specialized in MDCT testing as well as endocrine and special testing. Each participating medical institution will conduct observation period testing specified in the protocol, and enter and register necessary information into the EDC system. Randomization will be conducted via the EDC system at registration. Subjects will be switched to one of either of the two types of drugs according to the randomization result and receive the drug for 12 months to reduce serum phosphate to the target level. Subjects will undergo specified laboratory tests and other procedures during specified visits. Subjects will undergo MDCT scan at a medical institution specialized in MDCT testing as well as endocrine and special testing in the 12th month of the treatment period. The trial is being conducted under the Helsinki Declaration, and was approved by the Institutional Review Board at Osaka University Graduate School of Medicine. All participants have been fully informed by the investigators and gave their informed consent. Table 1 Inclusion and exclusion criteria Inclusion criteria 1. A pre-dialysis serum phosphate level, as measured during the observation period, of either ➀ At least 5.0 mg/dL for those taking a phosphate binder during the observation period, or ➁ At least 6.1 mg/dL for those not taking a phosphate binder during the observation period 2. On dialysis for at least 3 months 3. Clinically stable on at least three times per week hemodialysis and able to continue hemodialysis in the same manner from the start through the end of the treatment period 4. Coronary artery calcification score of at least 30 as measured during the observation period 5. Aged ≥ 20 and ˂ 80 years 6. Outpatient 7. Any gender 8. Provision of written consent Exclusion criteria 1. A pre-dialysis serum intact-PTH level, as measured 1 month before registration, of either over 800 pg/mL or over 500 pg/mL and determined to be uncontrollable 2. History of hemochromatosis or other iron storage disorders, or a pre-dialysis serum ferritin level of over 300 ng/mL or transferrin saturation of over 50%, as measured at the initiation of observation 3. Severe hepatic dysfunction 4. Severe coronary artery disease 5. Concurrent malignancy 6. Paroxysmal nocturnal hemoglobinuria 7. Hypersensitivity to iron-containing drug or lanthanum-containing drug 8. History of parathyroidectomy 9. Pregnancy or possible pregnancy 10. Inappropriateness as a subject of this trial as determined by the investigator
Treatment intervention
The randomization system in the EDC software platform will be used to allocate subjects as shown in Fig. 1 via the dynamic allocation method (minimization). During the 12-month treatment, individuals are randomly assigned in a 1:1 ration to receive sucroferric oxyhydroxide or lanthanum carbonate (Factor 1) to reduce serum phosphate to two target levels (3.5 mg/dL ≤ serum phosphate < 4.5 mg/ dL in strict treatment arm and 5.0 mg/dL ≤ serum phosphate < 6.0 mg/dL in standard treatment arm; Factor 2). The investigators will check the drug allocated by the EDC system at registration and administer the drug per its prescription (dose and method of administration) for 12 months starting within 1 week of registration. Randomization will be controlled by three factors: age at consent (≥ 20 and ≤ 64 years old, ≥ 65 and ≤ 79 years old), CACS as measured during the observation period (≥ 30 and ≤ 400, ≥401 and ≤ 1000, ≥1001), and investigational site. The use of anti-hyperphosphatemia drugs other than sucroferric oxyhydroxide and lanthanum carbonate will be prohibited during the treatment period. However, when the target serum phosphate level is not reached, concomitant use of sevelamer hydrochloride and bixalomer will be allowed. Switching between different types of erythropoietin (EPO) formulations is not allowed during the treatment period. Investigational drug administration and testing will be performed according to Fig. 2 . Observation and testing will be performed according to the schedule shown in Fig. 3 .
End points
The primary end point is the percent change in CACS. Secondary end points are (1) changes in CACS, (2) changes in serum phosphate and calcium levels, changes in calcium phosphate product, and the ratio of patients who reached the target serum phosphate level, (3) changes in the level of intact parathyroid hormone (PTH), intact fibroblast growth factor (FGF)-23, and c-terminal FGF23, (4) effects on the renal anemia, assessed by transferrin saturation (TSAT), hemoglobin, and the changes in the dose of iron and EPO administration, (5) relationship between serum phosphate level and CACS, (6) average doses of phosphate binder required to achieve the target serum phosphate level, and (7) safety issue (adverse drug reactions). Imaging data scanned by MDCT with at least 16 rows will be submitted as electronic data in Digital Imaging and Communication in Medicine format via an electronic medium (either CD-R or DVD-R) to the MDCT committee. MDCT committee members will analyze the submitted imaging data and calculate CACS. The MDCT committee will discuss the validity of the calculated CACS, and determine the final CACS by consensus.
Target sample size
The target number of registered patients is 200 patients (50 patients per arm × 4 arms). Rationale for the sample size: our past research investigating the relationship between the average serum phosphate level and percent change in CACS at months 6, 12, and 18 after dialysis introduction in patients with a baseline CACS of 30 or higher (n = 64) showed that Fig. 1 Randomization methods. Subjects are randomly assigned by factor 1 (phosphate binder) and factor 2 (target phosphate level) Fig. 2 Administration schedule. The treatment period starts within 1 week after registration allocation. Subjects receive MDCT (multi-detector computed tomography) 12 months after treatment, and laboratory test 3, 6, 9, and 12 months after treatment Fig. 3 Observation and testing schedule. Test items at the initiation of investigational treatment should be conducted within 1 week after the initiation of administration. The allowable window for observation and testing at months 3, 6, 9, and 12 is defined as the reference day ± 1 month (30 days). Filled circle: required item. Filled circle: sites which are capable of conducting endocrine and special testing.
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the median percent change in CACS was 20.3% for those with serum phosphate level ˂4.5 mg/dL (n = 18; mean serum phosphate level, 3.86 mg/dL) and 73.0% for those with serum phosphate level ≥ 5.0 mg/dL (n = 32; mean serum phosphate level, 5.81 mg/dL). The probability that an observation in the group with serum phosphate level < 4.5 mg/ dL will be less than that in the group with serum phosphate level ≥ 5.0 mg/dL was estimated to be 0.77.
On the basis of the above results, the probability that percent change in CACS is lower in the strict treatment arm than in the standard treatment arm is conservatively estimated at 0.70; therefore, when a two-sided Wilcoxon rank sum test with a significance level of 2.5% is used, the required sample size will be 63 patients per arm to achieve a desired power of at least 95%. On the other hand, no previous research data are available to define the expected percent change in CACS for the lanthanum carbonate arm and sucroferric oxyhydroxide arm; thus, assuming a 0.675 probability that percent change in CACS is lower for the sucroferric oxyhydroxide arm than the lanthanum carbonate arm, the required sample size is 83 patients per arm to have at least 95% of power. Therefore, the larger sample size, 83 patients per arm (166 patients for both arms), will be the required sample size. Assuming that approximately 15% of all patients will be excluded from full analysis set, the target number of registered patients will be 100 patients per factor arm (a total of 200 patients).
Statistical analysis
Following the intention-to-treat principle, primary efficacy analyses will be conducted in the full analysis set and secondary analyses using the 'per protocol set' will be conducted only for the primary endpoint. Safety analysis will be conducted in all registered patients who have taken the investigational drug. The primary analysis objective of this study is to investigate the superiority of sucroferric oxyhydroxide to lanthanum carbonate, or strict treatment to standard treatment, in terms of the primary end point CACS. The significance level used for the tests will be 0.05 (two-sided) and missing data will not be imputed.
The following will be calculated per arm: the number of registered patients and number of analyzed patients for each analysis set, the appropriate summary statistics for patient characteristics and baseline data, and the appropriate summary statistics for administration duration and total dose of each investigational drug, discontinuation or not, reasons for discontinuation if any, etc. Cases excluded from the analysis set will be summarized by reason for exclusion. Percent change in CACS during the observation period (months 1-12) will be evaluated by arm, or factor. As for the primary analysis, the Wilcoxon rank sum test will be used to test null hypotheses that the percent change in CACS is equivalent between factors, or arms. In the primary analysis, a two-sided significance level of 2.5% will be used in testing to limit the overall study-wise type I error rate to no more than 5%. Sub-group analyses will be conducted by age at the time of consent acquisition, CACS as measured during the observation period, gender, and status of phosphate binder use during the observation period. As for the secondary end points, a linear mixed model will be used to compare serum phosphate and calcium levels, and change in calciumphosphate product between arms, while the Chi-square test will be used to compare the proportion of patients who have achieved the target serum phosphate level between arms. Wilcoxon rank sum test will be used to compare changes of intact PTH, intact FGF23, and c-terminal FGF23 between arms. Other investigations will include comparison of the impact on nephrogenic anemia, relationship between serum phosphate level and CACS, and comparison of the average doses required to achieve the target serum phosphate level. As for safety, the total number of adverse events and number of individual adverse events will be calculated by arm, and serious adverse events will be tabulated.
Discussion
Hyperphosphatemia is an important condition that determines survival and prognosis of hemodialysis patients, with medications such as phosphate binders as well as dialysis and dietary interventions playing central roles in its treatment. The evolution of phosphate binders started with the era of aluminum-based products in the 1970s-1980s, and calcium-based products emerged in the 1990s. However, calcium-based products have drawbacks including inadequate phosphate-lowering effect and association with hypercalcemia. This has led to the development of novel anti-hyperphosphatemia drugs not containing calcium, or non-calcium-based products, such as sevelamer hydrochloride and lanthanum carbonate in the past decade [9] [10] [11] . Another drug in the non-calcium-based phosphate binder category, sucroferric oxyhydroxide, was launched in 2015. Because it dramatically lowered serum phosphate level, it soon became a new option in clinical practice [12] . In addition, this drug enabled strict control of phosphate. Sucroferric oxyhydroxide, as well as lanthanum carbonate, was also shown to have an FGF23 reduction effect and vascular calcification progression-suppressive effect in adenine-induced corticotropin-releasing hormone rats [13] ; however, its effect on vascular calcification in humans remains unknown. Therefore, it would be highly desirable to conduct this clinical study of sucroferric oxyhydroxide aiming at evaluating percent change in CACS, as the primary end point, and compare it with lanthanum carbonate (another non-calciumbased product with a phosphate-binding effect).
